Abstract Architeuthis dux diet has been analysed according to information available from literature and from the analysis of gut contents of five females and two males from Mediterranean and Atlantic Iberian waters (20 specimens in total). This is the first time that A. dux diet from Atlantic and Mediterranean waters is described. Body weight of specimens ranged from 22.5 to 200 kg. In order to infer common patterns in giant squid diet according to its geographic distribution range, size and sex, available data on their diet composition structure were joined and examined with multivariate techniques. No significant differences in the trophic level on which A. dux prey on were found, considering size, sex and location. Thus, A. dux seems to play the same role in the trophic webs throughout the distribution range examined in this paper, which takes up a very wide geographic area. The trophic level estimated from the diet composition is 4.7. Obtained results show that this species preys mainly on pelagic fast swimmers and shoaling fishes and cephalopods as an opportunistic ambushing hunter.
Introduction
Very recent mitochondrial genomic analyses showed that there is only one global species of giant squid, Architeuthis dux Steenstrup, 1857 (Winkelmann et al., 2013) . It is a deep-ocean dwelling invertebrate, usually inhabiting the near continental and island slopes of all the world's oceans, although rare in tropical and polar latitudes (Guerra et al., 2010; . The giant squid has been considered a charismatic invertebrate that can raise awareness for the conservation of marine biodiversity (Guerra et al., 2011) . Despite this, very little is known about its biology, behaviour and role in the marine trophic webs. In fact, the first-ever photos of a live giant squid in the wild were published by Kubodera & Mori (2005) , and the first ever video record of a giant squid in its natural habitat was recently showed by Discovery Channel (2013) .
Available information about the giant squid is fragmentary, based on dead or dying animals that have been washed ashore or been inadvertently captured in commercial trawl nets (Aldrich, 1991; Roeleveld & Lipinski 1991; Okiyama, 1993; Förch, 1998; González et al., 2002; Guerra et al., 2004; Kubodera, 2004) . Most of A. dux specimens collected through occasional landing or stranding are in poor condition and their guts are often empty, with no morphologically recognisable content (Förch, 1998; Guerra et al., 2006) . Available information describing the diet of A. dux from different locations reveals that fish and cephalopods are the main components, with the occasional presence of crustaceans (Pérez-Gándaras & Guerra, 1978; Förch, 1998; Lordan et al., 1998; Bolstad & O'Shea, 2004) . Other more unusual items have also been reported, including bivalves, ascidians, cestodes (Lordan et al., 1998) , nematodes (Pippy & Aldrich, 1969; Lordan et al., 1998) , algae (Kjennerud, 1958; Aldrich, 1991) and even pebbles (Lordan et al., 1998; Ré et al., 1998) , although it is likely that some of these types of records in the stomach contents correspond to secondary prey.
The main aim of the present paper is to test whether there are significant differences in the trophic level at which subadults and adults of A. dux feed, taking into account size, sex and geography. The secondary objectives are: (i) to describe the diet of the giant squid from the Iberian Peninsula, for the first time and (ii) to define the overall profile of the trophic-level of its prey throughout its geographic range.
Materials and methods
The stomach contents of 13 A. dux from New Zealand, Ireland and Namibia were compiled from the literature (Pérez-Gándaras & Guerra, 1978; Förch, 1998; Lordan et al., 1998; Bolstad & O'Shea, 2004; Deagle et al., 2005) . This material comprises all available diet data to date for this species (Table 1 ). In addition, information coming from six specimens from the northern Spanish waters (north-eastern Atlantic Ocean) and one from the western Mediterranean Sea was added. Spanish specimens were weighed, measured and sexed, and maturity stages were assigned according to Lipinski maturation scale (1979) . All published information until now on Architeuthis diet was compiled and analysed together with our results. When mantle length (ML) or body weights (BW) were not available, the following BW-ML equation (Pérez-Gándaras, unpublished data) was used: Ln B Wg ð Þ ¼ À7:938 þ 2:628 Ln ML mm ð Þ ; r ¼ 0:855; n ¼ 10 The stomach contents of the Spanish specimens were fixed in 4% formalin and then preserved in 70% ethanol until detailed examination. The remains were identified and, when possible, prey sizes were estimated from the dimensions of otoliths, jaws and vertebrae, according to the information available in Watt et al. (1997) and Tuset et al. (2008) . Based on these data, we tested whether there was a significant relationship between the size of prey and the tentacular club length of the giant squid. A relationship between club length and prey size was expected taking into account previous results in Rossia macrosoma and Sepia orbignyana (Bello, 1998; Bello & Piscitelli, 2000) .
In order to infer common dietary patterns in A. dux diet taking into account its geographic distribution range, size and sex, the diet composition structure of the whole set of animals was examined employing multivariate techniques using the software package PRIMER 6 (Clarke & Gorley, 2006) .
A trophic-level value was assigned to each prey item using the information from Sa-a et al. (2013) for fishes and the Sea around us project webpage for cephalopods. Examination of diet compositions entered up to mid-1999 (n C 1,800) showed that typically, the relative contribution of different food items to the overall diet composition follows a pattern described by the following empirical model: log 10 P ¼ 2 À 1:9log 10 R À 0:16 1og 10 G where P is the contribution of an item to the total diet (%); R is the rank of the food item (in terms of its relative contribution to the total diet); and G is the number of food items (in the DIET table, we always have 1 \ G \ 10). The trophic level of A. dux was estimated from the mean trophic level of the prey plus one.
This information was then structured as a trophiclevel matrix for each A. dux specimen (Table 2) , allowing a comparison of the diet of all the specimens considered, regardless of the species composition of individual diet and considering the trophic level at which A. dux prey on.
Prior to the above-mentioned analysis, for each A. dux specimen the trophic-level matrix was transformed using the function log (x ? 1), where x is the binomial value (0 or 1) assigned to each prey item according to its trophic level. Afterwards, a new data matrix was created using size, weight, sex and location of each A. dux individual. Categorical variables in this matrix were binary encoded, and the resultant matrix was then normalised. Resemblance matrices were obtained from each of the above mentioned matrix, undertaking a Bray-Curtis transformation in the case of trophic level data, and Euclidean distance in the case of morphometric and location data. To perform a visual expression of the resemblance matrices a nonmetric multi-dimensional scaling was used. In order to test whether there was significant relationship between both resemblance matrices, a RELATE analysis was carried out. The significance was tested using a Spearman rank correlation (q).
Results
Of the seven examined specimens, two were found floating at surface, two stranded and three were caught by pair trawlers. All individuals were in good state of preservation and all were dissected by the last author (A. G.) . No recent remains were found in the gut contents, but mainly hard structures, unlikely to come from feeding on other net items during the capture. Chitinous sucker rings and beaks of cephalopods, dermal denticles of cartilaginous fish, otoliths, vertebrae, jaws, other bones and eye lens of bony fish were the main remains. A total of 11 types of prey were identified. Nine of them were fish and two were cephalopods. Table 2 shows the identified prey items from all the stomachs. An unidentified gobiid, an unidentified ray and Atherina sp. were considered to represent secondary prey items ( SN specimen number, ML mantle length, W weight a According to its size, most likely this specimen is not a male, as the original paper indicates, so we considered it as a female in this study and prey size, either taking into account overall data, or discarding possible secondary prey (data not shown). Figure 1a illustrates the differences between all A. dux specimens (n = 20) accordingly to their ML, BW, sex and geographic source. Multi-dimensional scaling made from these data shows an expected grouping of data. Figure 1b shows the resemblance of each A. dux specimen based on the trophic level of each prey item. This MDS graph does not show any consistent pattern or grouping of samples. No significant relationship (Spearman Rho, q: 0.085) was found between the two resemblance matrices. In consequence, the trophic level of the analysed specimens of A. dux does not vary consistently according to ML, BW, sex or geographic position, suggesting homogeneity in the trophic level at which A. dux preys, regardless of the size (930-2020 mm ML), sex or geographic origin. Therefore, A. dux appears to play the same role in the marine trophic webs throughout the wide distribution range examined in this paper.
Trophic levels estimated from diet composition data of A. dux is 4.7 (Table 2) .
Discussion
The 'Russian doll' effect is a kind of contamination or a secondary ingestion which has been observed in studies on the diet (e.g., Pierce & Boyle, 1991) . It is possibly an important source of error, which is difficult to avoid. The remains of gobiids, Atherina sp. and the Rajidae remains found in the guts contents of the Spanish specimens (stomachs 19 and 17; Table 2) were removed from the analysis considering that they are secondary prey due mainly to their small size and benthic life style. In addition, these items appeared in the stomachs together with other remains that could well belong to animals that had previously fed on them. Supporting this fact is the presence of gobiid remains in the stomach 19 (Table 2) together with those of the hake Merluccius merluccius, a common predator of gobiid fish (Bozzano et al., 1997) .
The combined results of the literature (Pitcher, 1993; and the present study suggest that A. dux preys mainly upon pelagic, active swimmers and schooling fish and cephalopod species. However, some studies have also proposed benthic species (e.g., E. cirrhosa and N. norvegicus in Irish waters or Phycis blennoides in our samples) as potential prey for the giant squid (Förch, 1998; Lordan et al., 1998) . We lack reliable data to reject the possibility that A. dux could feed on the seabed. Nevertheless, in agreement with the present results this seems to be very occasional.
The regular presence of pelagic, actively swimming prey in all the stomach contents analysed, suggests that the giant squid is a much more active predator than previously suggested based on morphological and anatomical characteristics (Roper & Boss, 1982) . Recent records (Kubodera & Mori, 2005) and the first-ever footage of the giant squid recently broadcast by Discovery Channel (2013) have also shown that the giant squid is able to actively attack bait. This agrees with a preference of active and energetic preys, as shown in the present paper. On the other hand, the weak relationship found between tentacular club length and prey size supports the hypothesis of the giant squid as an ''opportunistic ambushing hunter'' in the pelagic realm, as previously suggested by Pérez-Gándaras & Guerra (1978) . Animals with small suckered arms, tentacles and mouth are able to seize and overpower prey much larger than them (Hanlon & Messenger, 1996) . This is an indirect evidence of a weak relationship between size of the tentacular club and prey size.
Based on available data on daily feeding rate in other cephalopod species, such as Illex illecebrosus, in which the daily feeding rate (% of body weight) for specimens of 30-100 g ranged from 3.5 to 6.7 (O'Dor & Wells, 1987) , A. dux adults should require relatively large food intakes. Nevertheless, based on the equation by DeMont & O'Dor (1984) , and a 200 kg BW A. dux 1019.6-1767 g day , which means a daily feeding rate of 0.5-0.8% of its own weight at 5°C, and 0.8-1.4% at 12°C. The low metabolic rate derived from these results also supports the hypothesis of opportunistic ambusher hunting strategy.
According to the trophic level estimated for A. dux (4.7), subadults and adults of this species (see Table 1 for sizes) should be considered as top predators. The fact that A. dux plays the same role in the trophic webs throughout the distribution range examined in this paper and its preference to prey upon shoals of fish and cephalopods are powerful clues that the giant squid inhabits productive areas where food resources are abundant, which is reinforced by the results found using stable isotope signatures recorded in beaks (Guerra et al., 2010) . 
